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SOURCE Zbwrnal Fizichesioy Khimii, Vol XXV, Ho 10, 1951, pp 12621270,

THIRD ALL-UWION CONPERENCE OR ELECTROCHEMISTRY, MOSCCH, DECRMRER 1950

K. M. Goxbunova, Moseow ;

: The third All-Unioa Conference on Electrochemistiry was held at the Depari-

i meet of Chemicel Sciemces, Acedeny of Sciences USSR, with the participatiog of

: representatives of aclentific and industrial orgenizations. The greaty variety
of aubjects aud methods, a3 well as &bility to apply in practice ths sesnlis
of theoretical investigotions, waich is charmcteripiic of USSR zcience, were
opperent dn the papers presented et thig meeting. The type of work dene in
this 1014, emables one to understand that the moet ewerful elestrochenical
iedustyy off he 8Soviet Union was created almost entirely on the dasis of work
accomplished by its own sclentists and engineers.

‘In the main, the sctivities of the meeting vere concentrated in the follcy-
ing Pields:

1. Mechanimm of elecircde processes in solutions of slectrolytes

2. Problems of the theory and practice of electrodesasiting of metals
3. Problem of chomical acureces of current

L, Problems of eiectrolysis in the chemical industry

Pt i LD i 3 et i b

Jn opening the meeting, M. K. Dubinin, secretary of the Departnent of Lt
ical Belences, Academy of Sciences USSR, emphnsized that USSR electrochemists
are faced vith new ard important tasks in cornection with the Communist con~
structior projects.

i : ] A report by H. A. Irgaryshav dealt with the history of national electro-

- chenisiry. In discussing developments thet tock place in the Soviet period, Iz
garyshev mantioned V. A. Kiatmbnkiy';, investigations on phemomena of elec-
trode passivity and on the electrochemfcal theory of corrosicn as well as hig
own work on the hydrate theory of the origination of electromotive forces. He
paid particular attention to electrochemical iovestigations dealing with proce
ceses.of electrolysis that are important from the practical viewpoint, namely
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deposition and solution of metals, electrical oxidation and reduction, cte.
(work done by himself, p. 3, Titov, H. T. Kudryavtssv, V. I, Layner, S. V. Gor-
bachew, 0. A. RBsin, I. G. Shcherbakov, ete.); noted the leading role pioyea by
USAR science in work on the theory of electrolytic deposition of metaels {work
by members of V. A. Eistyakovekiy's school ;7 K. M. Gorbunova, P. D, Dankov,

A, G. Samartsev, 4, 7. Vagramyan, ste.); mentioned investigations by N. I. Ko-
bozev's group on the theory of hydrogen cvervoltage; indicated that work on the
electrochemical theory of correcion carried out by V. A. Histyakovelkiy, himgelf,
and G. V. Akimov was of importance for prastical steps in combating corrosion;
and stated that the outstanding work by A. A. Yakovkin, P. P, Fedol'yav, i a
great mumber of thedr collzborators and pupils Wags of especinl eignificapee in
the development of the USSR irdustry of light metals.

In ki report on the kinetios of electrode processes end phencasna at, the

Soundary mstal-solution, &. H. Frumkin mentioned work cn the ctructure of the
metal-solution boundary carried out by the Physicochemical Institute imeni L. Ya,
Karpov, the Moscow State Univeraity imeni M. V. Lozmorogov, and UFAH 53SR (Ural
Affiliete, Academy of Sciences USSR) and stated that in the vork in question,
w2thods were applied and perfected which involved determinations of cepacity,
charging curves, vetiability, adsorption, electrocapiliary curver ; ete. He fur-
thermore stated that U3SR electrochemists have also brought to a higher degree
of precision methods for investigating electrochemical processes and clted ag
examples B. V. Brehler's use of alternating currents of various frequencies,
V. A. Plegkov's epplicaticn of isotope tracer atcus for characterizing exchange
currents, V. G. Levich's work on the diffusion of reucting varticles to the :
electrode surface, a5 well as the work of his own group (B. N. Kabamov, V. 5. i
i Bagotskiy, et &1-5 on the mechanism of processes occuring at high current den-
sities and the effect of acidity on overvoltage.

Frumkin discussed the nature of slow stages in the process of hydrogen
discharge at electrodes vith hish or lov overvoltage. YHe mentioned in thig con-
nection work on the discharge phenomenon itself, done ty H. I. Eobozev and N. Y. °
Rekrasov, who indicated the role of the energy of adsorption of atems in deter-
mining the magnitude of the overvoltage; referred to the work of W. A, Izgary-
shev, #hich brings out the importance of the soivation factor; and mentioned
vork by 0. A. Yestin, K. D. Sokelov, and M. I. Temkin. XKe further uentioned in-
vestigations on the elestrolytic separation end reduction of oxygen that were
carried out by K. D. Tomashov, Z. &. Iofa, V. I. Veselovekly, and others, and
subjected to criticism the work of H. Eyring, P2:¥iing, and Solt.

Frumkin then dwelt on work with the mercury dropping electrode which ias
% " sing couducted by his vupils. An important result of this work, according to
hip, i an explanation of the reasons for divergence between values obiained §
with a mercury dropping electrode amd with a stationary electrode. This exple-
nation was arrived at bty considering hydrodypamic conditions that exist at a
chorged liquid surface.

Referring to work on the subject done by M. A. Loshkarev, P. A. Kryukovs,
et al., Frumkin mentioned in hig repert that the question regamiing the mech-
snism of the effect of organic sdditives on the electrode process was first
ralsed in the USSR by N. A. Izgaryshev. He further svated that he regards as
an Important achieva*gna‘t the finding to the effect that the potential of the
geTo point represents e value dependent on the natuws of the metal, and that :
this value ie connected with the work done by the electron 1lraving the metal {
(ef. 8. V. Earpachev, et al.). Touching on the electrochemistry of nonagueous i
solutions, Frumkin stated that the USS™ has occupied a leading position in this :
particular field aver since the work done by I. A. Kablukov; that K. A. Izgary- !
shev's rirst investigations were done in this field, and extensive research on
the aubject was conducted at the Ukrairian Academy of Sciencez by V. A. Plotni-
kov, V. A. Izbekov, and others. i
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Fruakin then briefly discussed the work on the electrolytic deposition of
metals done by K., A. Izgaryshev, K. H. Gorbunova, A. T. Vagramyen, A. G. Semari-
sev, H. T. Rudryavtsev, G. S. Vozdvizhenskiy, M. A. Loshlkarev, and S. V. Gor-
bachev and went into greater detail in reviewing investigations in the field of
kinetics of electrode Processes, which ere closely comected with the very im-
portant probles of corrosion resistance. Frumkin further mentioned the contri-
butlons of Acndemician V. 4. Kistynkovekiy and his school to this field, con-
8isting, among other things, in the formulation of a £1ln theory of pasgivity
as early ac 19105 noted the work by G. V. Aximov ana collaborytors on passivity
phenorenz; and dvelt on the work done by his own schocl in connection with thie
problen.

Referring to the work of B. V. Ershler, B. §. Kabazova, and R. Kh. Burshe
teoyn, Fruukin pointed out that aithough typiecal phenomera of passivatiog and aoe
tivation by ioms can aireedy be obzerved with n very lov degree of filling of
The suriace, i.&., n degree of filling thet 1s insufficient to form a monoatomice
layer, the presence of somewhat thicker layers of oxides and salts rust also ba
token into consideration fram this standpoint.

In charecterizing the corrosion behavior of petals, Frumkin atarted frem
en assunption that all processes which take place similtanecusly at the surface
of the metal (the electrode) are statistically irdependent, and that their ve~
locity 1o determined by the total value of the potentiel and diffusion condi-
tions. Fe fowyther stntesd that under ¢he circuzmstances, the cethodic snd anodic
Processes may take place in the game area of the surface if the surface is come
pletely homogenous » While in cases of physically ang chemically nonhomogsnons
surfaces, the velocities of these two processes will be different at any one
pitce, 850 that the areas at vhich cathodic or ancdic processes ocecur on the sur
Tace will be separated from each other. ]

Thug, the type of corrosion damage to which various metals and alloys sre
exposed depends on the distribution of cathodic anodic 2opes, the nature of
which has been sub jected o thorough study on the basis of the theory of local
elements advanced by G. V. Akimov, H. D. Temashov, et al, In conclusion, Prum- :
kin stated that practical applicatiou of the theory of electrode processes to i
inGustrial end economic problems is etill inadequate at this stege: there must
be wider use of the theory for solving problems of the electrochemical industry,
electrodeposition of metals, perfecticn of chewmical sourzes of electrical power,
and protection from corrosion.

Duriag the following seven plenary sessions of the nmeeting, papers were
presented on various theoretical problems and on methods for the investigetion
of electrochemical processes. Thus, during the second sesglon, work on the
Bechanien of processes which cause overvoltage at clestrodes during the separa-
tion of hydrogen, reduction of oxygnun, etc., wvas discussed. In a report con-
%aining dsta on the mechanism of “ne reduction of oxygen and presented by V. 8.
BA@tskiy, vho used a mercury electrode, and another report by A. I. Krasjil'-
shehikev, who used solid electrodes, the conclusion was drawn that the sddition
of an electron to the oxygen molecule is the stage which determines the vate of
the process. P. P. Turov reed a raper in which he concluded on the basis of
dsta on the deccmposition potentials of acidice » neutral, and alkaline agueocus
solutions, as well aa of solutions in acetone, that the potentials of separa-
tion of hydrogen from acidic solutions amd of hydroxyl ions from alkalins golu-
tions are distinet from thoge required for the direct decomposition of water.
He ageribed the appearamce of "gecond potentials” to the decomposition of the
solvent rather than the discharge of complex fons » 88 hnd been aasumed by 0. K
Kud: .

-

The third session was devoted to problems either directly or indirectly
connected with the corrosion of metals. The meeting decided to send greetings
to ¥, A. Kistyakovskiy, wvho was a Pploneer in this field in the USSR,
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In a paper by G, V. Jkimov, a classification of types of corrosion demege
Va8 given. If was shown on examples that both in oxidizing and ronoxidizing
nedic, enses of a ccmplete obsence of the effect of adnixtures, as well gz
cages of a neak or very 8trong effect, are observed. Akimov gsgumed a scpara-
tion 1n space of zomes in which elewentary eathodic and anodic corromion prec-
esses take place aad caophasized that this separation beays o dynsmic character.
Akimov showed that on the busis of dete obtained with the aid of corrosion po-.
arization diagrams, the diverse effects of edmixtures and inhomogenedtics of

structure on the rate of corrogion become understandeble. FEven when the initiel

Giffezrence of potentials is smell (i.e., the metsl is pure), there ray still na
congideralile corrosion beecausn

of thie absence of polarization; on the other
hard, in the pressuce of admixtures vhich bring about inhomogeneities of strue-
ture, & great inttial difference of potentials may be acconpanicd by strong
polarization so thet the roate of corrosion ig amall.

Tu. V. Baymakov aml M. I. Zamotorine expressed the assumption in a paper
rresented by them that chaages in the properties of electrolytic iron which oc-
cur on heating of hsrlrogen-eontaining deposits are cauced, by the transformation
of 2 z011d solution of protons in iron, which is stable at ordinary tewperatures,
ixto an atomic solution that is subject to subsequent decomposition. In another
pper, G. S. Vozdvizhenskiy, V. A. Valeyev, ard V. A. Dnitriyev edvenced the
concept of the decisive influecnce of texture cn the process of ancdic s~lutior
or oxidation of metals. TIn mo report by B. H. Kabanov, it wos shovm thei pas~
61vity of metals toward solutions &2y, in some cases, result from tae presence
on the surface of layers of oxygen which approach the lovest 1imit as far a3
thickness 15 concerned (these very “hin layers occur on Fe, Al, and Mg), while
in other ceses, a thicker insulating layer is present.,

€88 of solution. According to L. I. Antropov, this separation must occur in
any electrochemical process.

In the Pourth session, five papers were presented which discusged the pa-
ture of elementary electrochemical Drocesses and the theory of concentration
polarization. In V. A. Pleskov's paper, entitled "Investigation of the Ion Ex-
change Reaction Between the Electrode and the Solution by the Method of Redio-
active Tracers,” the poscibility of using this method for investigating the
state of ions that determine the potential and are in solution (i.e. s ‘the pres-
ence of complexes, their pature, etc,), as well as for the investigaticn of ad-

sorption f£1lms which form or the electrode and etrongly impede the ion exckange,
was outlined.

In 8 paper, "Energy of Activation and the Pre-exponertial Factor in Elec-
trochemical Processes,” M. I. Temkin distinguished between the ideni and actual
energies of activation and the corresponding pre-exponential factors. He also
indicated methods for determining the’sctnal energies of ectivation in such a
manner that knowledge of the heat affest eorrespending o the individual else-
trode process is not necessary, and for finding the pre-esponentisl factore cor-
responding to these energies. G. P. Faerman ard Ye. D. Voeykov, in a papexr
reed by them, expressed the opinion that metals and electron-conducting salis
ke 852, OuS, HgS, ani &5 are capable of exerting a catalytic effect on any
oxidation-reduetisn reaction. In a report by V. G. Levich, data on convective
diffusion and concentration polarization caused by it were presented.

In & discussion of the last group of' papers mentioned, S. V. Gorbachev ob~
served that in his own work, as well as that of X. P. Zkhuk, A. V. Izmaylov, K Ye.
Ehomutov, et al., an attempt hag been made to bring the theory ot electrolysin
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closer to ideas derdved from chemical kinetics. FHowever, acecrding to Gor-
backev, {his prodblem cannot ve formulated in a simplified manner, as hos been
done .1n H. I. Tewkin's paper, where equations based on the theory of absolute
reaction reses vere mechanically applied to electrolytic processes. Within the
tesperature range up to 100°C, these equations shov devietions frem the Arrken-
iug equation by values which cannot bhe confirred by any experimental data. The
proportionaiity of the rate of reaction to the concentration, which ia ippiied
in theee equaticos, 18 0lco esntradicted by experimentel data, vhile the Linear
dependence batween the encrgy of activation and the potential camuot be con-
firmed either. 1In hig reply to this, M. I. Temkin stated that when he enleon-
lated the rate or elactrochemical processes, his task corsigted preclsely of
the comsideration of their specific characteristies. In the case of the dlgs-
charge of hydrogen ions considered by him, proportionality between the resction
rate ond the concentration has been proven experimentally; ke socsumss that this
proportionality must also apply in other cases.

o AT

b g m'.

A, N. Frumkin called attention to an interesting discrepancy between V. 4.
Pleskov's dute and the assurption made in the literature o the effect that :
during seporation of a metal at a mereury electrode, the overvoltage is lower !
than in separation at a erystalline electrcde. In Frumkin's opinieon, the rea- :
son for the reverce relationship may be due to the fain of energy resulting

from the formation of a srystal lattice.

AV the Tifth plenary gession, papers Gealing with general problems gpor-
telining to the electrodeposition of metals were presented. K. M. Gorbunova ang
P. D. Dankov outlined the present state of the theory of erystallization amd
gave & classification of types of electrolytic deposits (from povders to dense ;
coatings), based on the law of distribution of active growth points over the
surface of the electrode and teking into consideration the nature of the metal,
of the ions in the electrolyte, and of the vaseivating effect of the solution.

H. N. Balachova and A, 7. Vagramyan discussed the mechanism of the deposition
of metal from cyanide solutions and brought cut that study of passivation curves
led them 0 the conclusion that the electrode does not become passive in cya-
nide golutions.

8. V. Gorbachev showed that the work done by him and his group on the in-
fluence exerted by the temperature on electrolyeis furnishes a very effective
@tbhicd for the investigation of electrolytic processes. A study of the effect
of temperature permits differentistion between concentration, chemical, and
"phase" polarizetion. The particular mechanicm of polarizaetion that prevalls
18 determined not only by the nature of the electrode reaction but also by the
concentration of the components of the solution and the wagnitude of the po-
larization. In Gorbachev's opinion, an increase in the &nount of polarization
brings about a smooth transition from chemicsl to concentration polarization,
The energy of activation then drops smoothly (but not according to a linear re- -
lationship) with the growth of the potential, gradually approaching the effec-
tive energy of activaticn [Eor:respon&ing to?/ viscous flow of the solution.
Gorbachev then pointed out that he and Ye. P. Starostenko discovered & new type
of polarization, oewed phuse polarization.

Gorbachev further stated in his report that Voluer's theory of delayed
discharge represented a very useful approach 20 years ago. Hovever, at precent,
the follewers of Volmer are vainly trying to fit the whole of electrochemistry
into the framework of this theory, while experimental data in many branches of
this science pass beyond the limits of the concepts formulated by the theory in
question. Thus, according to Gorbachev, Volmer's theory characterizes incor-
rectly the effect of the electrolyte concentration; only rarely gives an accu-
rate description of the dependence of current denaity on the potential; incox-
rectly expresses the effect of the tempetrature; and does nnt predict the exist«
ecce of phase polarizetion. Gorbachev then sugsested that the formal theory of
delayed discharge, vhich unjustifisbly claims universal validity, should be

-5
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Tepleced by the more profound ideas of H. A. lzgoryshev's theory and the theo-
ries of H. I. ¥obozev, A. G. Smmartsev, K. M. Sordunove, A. T. Vagruxyan, L. I.
Amiropov, G. 8. Vozdvizhenskiy, G. A. Akimov, H. D. Tomashov, H. T. Kudryavisev,
ard other electrochemists, which are based on nev investigations ard discover-
ies.

In ¥, 7. Fudryavieev's paper, "Rezsons far tle Formation of Spongy De-
posits on the Cathode and Rechanism of the Action of Added Tin erd Mercury in
Zineste Blectrolytes,”™ the euthor developed, on the tasis of exporimental dats,
the 1dec thet o cporge forma beecuuse colloidal particles of =inc which appar-
eally have beea detucked from the onode in the process of its eoluticn get to
the anode. The edded tin and meroury salts which suppress sponge formation
tring abeout oxidation of the zime particles. These particles theu go into so-
lation. Agecordiny o a paper presented by A. L. Rotiuyen, exporimental éata
on the effects of the concentration of HiSOj, WapS0y, Fa Cl, p, and the tem-
perature of the solution are in sccordance with the equation csed on A, H.
Frimkin*s theory of delayed discharge; an umususl depeadence of the potentiecl
on the (exhibiting a maximm) that was discovered by him was treated in the
1ight of ¥. A. fzgaryshev's mechanisn of the action of colloidal additives (in
thie cese, rickel hydroxide) on the magnitude of the cathodie potential.

Tae last pzper at this session was read by I. Ye. @hazutov: Cn the bosis
of oo analysis of experimenisal date on hydrogen overvoltage, thig investigator
case to the conclusion that there is a thorougngoing interdependence between
phenomens of hydrogen overvoltasge, the structure of the electrode material,: and
the structure of water molecules and kydroxonium ions. A definite deperdence
betveen interatomic distances in metals and the values of hydrogen overvoltage,
as velli as oxygen overvoliage, waes established. Ia Ehomutov's opinion, an ex-
planation of this dependence can be obtained in tbe light of N. A. Izgaryrhev's
and ¥. I. Kobozev's theoretical views on the nature of overvoltage, &s well &3
by considering the gecmetric avd energetic peculiarities of the transition
state involved in the electrolytic separation of hydrogen.

A considerable portion of Khomutov's papar was devoted to criticism of the
theory of delayed discharge. In Khomutov's opinion, this theory is esseatislly :
baced on the physically unclear idea that & delay takes place in the furdamen- i
tal process of neutralizaticn of a proton with an electron. ¥rom this assump~
tion, a2 equation results vhich cannot be confirmed in an umequivocel manner by
experiment. The effect of Py on the overvoltage, which is predicted by the
theory, cannot be verified experimentally in a number of cases.

During the discussion that followed, the following subjects were dealt
withs prohlems connected with the electrolytic dsposition of metals (P. D. Den- .
kov), mechsaism of the formation of spongy deposits (Yu. V. Baymakov), the prob- :
lem of the inedequacy of existing methods for measuring overvcltage (A. T. Va- :
geamygan), ete. The discussion on the reports presented by S. V. Gorbachev and
H. Ye. Khomutov proceeded in & very sharp form. The critical statements made
Dy them were objected to on ikie ground thai they had underestimated The role or
the work done by A. F. Fruwrkin and his pupils in developing the theory of elec-
trode processes and of the significancs of the theory of delaved Giscaarge. The
objJections in question vere made by M. I. Temkin, V. G. Levich, V. A. Pleskov,
V. L. Kheyfets, V. 8. Bagotskly, B. N. Kabanov, A. Y. Krasil'skchikov, and A.K
Lorerts.

In the tolloving session, papers desling with the effect of surface-sctive
agents on the course of electrochemical reactions were presented. This in-
cluded reports by T. A. Kryukova, V. I. Melik-Gaykezyan, and A. P. Martirosyan
on processes at the mercury electrode; by A. I. Levin on the deposition of cop-
per on 80lid electrodes; and by Z. A. Iofa on processes of solution and etching
of metals. ¥n the work reported by Kryukova it was shown that inhibition of the

»
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electirochamicel reaciion Coos not take place over the whole range of potentials
in which an edeorption layer 1s formed on the surface of the mercury; this in-
hibition occurs within e more narrow range. In the authors' opinion, a defin-
it2 structure of the adsorption layay pust apparently ve nresent. According to

_ Leovin, inhibition of the resctlon 18 caused by pregence at the electrode of a
Ti1gidly oriented Aiffuss polylisyer. Iofe discussed the action of inhivitors on
the proceas of zolubtion of iron Ly scids from the standpoint of selective pd-
corption of molscules. At active points of the iron, this edsorption, cceerd-
ing to him, bas a grester effect on the anodic polarization of the metal than
on the cathodie discharge of Lyirogea lons.

In discussing the preceding reports, 4. L. Frumkin stated that there are
two kinds of adsorption layers. In some cases, the edsorption layer completely
screens ihe surfece, iahiviting the discharge reaction; in other cases, the re-
aetion does toke place in the adsorption layer itself, but is subjected o &
certain amount of inhibition. In Frumkin's opinion, inhibition by the gel-like
layer described in Levin's paper ig doubtful ; the reasor for polarization emst
be interaction in a monomolecular layer.

The following group of reports which dealt with problems of electrochemi-
cal oxidat?! n and reduction uwndar varticipation of inorganic as weil as co
compounas wsd received with a considerable amcunt of intorest. Daring vou
yearg, interest in this particulor ficld of electrochenistry, which is ecapab
of extensive development, has risen congiderably.

12

H. A, Izgaryshev in a paper entitled, "Theory of Processes of Electro-
redaction and Electro-oxidation,” pointed out that carlier ideas reganding the
participation of atomic hydrogen or oxygen in processes of this type have bsen
cbandoned and replaced with the concept of direct discharging or reckarging of
polar groups adsorved et the electrode. He mentioned in this compbeetion that
extranscus lons, which, from a purely formal stendpoint s ¢o not participate in
%he process of electrolysis, exert a subshantial influence on 1te course. This
influence spparently depends on the charge and radius of the ions. Izgaryshev
also escribed some importance to the capacity of extraneous ions to dchydrate
ions which actually take part in the process.

The machanism of electrolytic oxidetion wan dimcussed in the £ollsrin® re-
ports: 8. V. Gorbachev's and N. P. Zhuk's on the anodic oxidation of chlorine,
T. 8. Filippov's on the formation of chlorates, and D. P. Semchenko’s and G. K.
Il'in's on the oxidation of chlorine anions in hydrochloric scid into anions of
chioric acid.

A paper by K. Ye. Khomutov and 8. V. Gorbachev on the electrolytic oxida-
ticn of aniline aroused a lot of interest. On the basis of an extensive study
of the process, the authors of this paper arrived at the conclusion that an au-
tocatalytic electrode renction proceeding according to a polymerization schems
takes place. The velocity of this reaction is determined by the stage in vhich
protons are split off from the molecules belng oxidized.

Papers on the mechenism of electrolytic reduction were presented by A. I,
8hlygin ard M. B. Nejran. Shlygin'a paper dealt with the reduction of unsatu-
rated organic substances on platimum, and Neyman's, with the reduction of un-
saturated aldehydes and kotones at a drouping mercury cathode. Duriug the dis-
cussion, particular attention was paid to two problems: that of obtaining ki-
netic data for processes which take place at metal anodes and that of the role
Pplayed by extraneous ions in processes of electrolytic oxidation and reduction.
T. B. Pilippov, Gorbachev, and A. H. Prumkin remsrked that evolution of oxygen
at an ele~trode dringe about irreversible changes in the surfaze of the elaec-
trode.” The resulting indefinite ntate of the surface of the electrods is the
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reasca vhy reliable kinetic date on processes that ere accompanied by the eyvo-
luticn of oxygew is not yet available, although many investigations on tl.
subject have teen carriéd.out. - . L 2

L. I. Antropov pointed out that A. I. Shlyzin's wozk leads to the conclu-
clor that the reccmbinotion mezebarisn of hydrogen overvollmge on pletimum pleys
e considersbie role in the phenomenon involved zrd irdicates that the oun fotal
of experimental data for o platinum cathode cannot be Interpreted froz the
ctandpoint of the theory of delayed dischavge. Antropov further stated thst
Shlygin, ia his treatzent of the hydrogenstl n of organic compounds, did not
take into consideration the velue of the potentinl corresponding te a zers
charze of the mestal.

Buring one of the last sessiona of the maating a numhar of wemowte aal.
ing with the theory of the electrcde potential anld problems connected with the
polnvs of zerc charge of metals wis presented. In & paper read at this seesion,
B. V. Erghler indicated that the problem of the ebsolute potential, i.e., of
the potentlal jump at the boundaly metal-solution, has lost its impor{ance. At
the pazme time, he stated that difficulties connected with establishing the die-
tritation of charges on the interphase boundary interfere with the calculation
of the aboolute potential, Ye. A. Koaevekly defined the obsolutic potential
differently in his regort (not as the potential jump mentioned above). i a8
serted the possibilily of determining it Ly means of e themodynmnic ecglcule-
tilon starting from data on the actual energy of hydration and cited a table oZ
values fox absolute potentials.

Of considerable interest wes I.. I. Antropov's report, im which the author
suizmarized published data on points of zero charge and graphically correlated
it with the working-state intervals [ iterally, "intervals of working regims"7
for various electrochemical processes in which che metal in question partici-
patez. This includes discharge at the netal of hydrogen, electrolytic reduc-
tion of organic compouunds, electrodeposition of the metal involved, and corro-
gion of this metal. By reason of the fact that adsorption of various surface-
active substonces on a metal exerts a sigrificant effect in the potentisl range
adjacent to the point of its zero cherge, the possibllity of evaluating the of-
fect of surface-active gdditives and of using the right sdditive for the de-
sired medification of the process exists. An experimental check carried out by
Antropov confirmed that not only the rate but also the directiou of the elec-
trcde process deperds on the location of the point of zero charge.

In & paper presented by Ya. M. Kolotyrkin, an analysis was made of the ef-
feet which the point of zero charge has on processes that determine hydrogen
overvoliage on lead, cadmium, and thalljum. The method used by this investiga-
tor permitted him to demonstrate that modification of the overvoltage in dif-
ferent regions of polarization is deecribed by two curves of the gsame Tafel
tyrg but having different coefficients. Supplementary experimental material,
particularly on the effect of cations and surface-zctive anicns on the overvelt-
age at different polarizations, indicated that trausiilon from one type of the
curve to apother takes plece in the vicinity of the peint of zero charge of the
metal surface.

A report by T. I. Borisova cited data characterizing the state or anod-
icelly polarized surfaces of Ag, Ni, and Fe in alksline solutions anf of Pt in
acidic solutions, which were obtained by the method of separate determimation
of the capacity and ohmic resistance comporents of an electrode during passage
of an alternating current. In addition to this, Borisova presented new data on
the zero charge points of silver and platinum.
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During the discuseion of the preceding papers, in which many electrochen-
ists perticipated, one of the rarticipants, DP. V. Calushko, pointed out that
the problem of the aboolute potontial ig of o philosophical nature. Fe sug-
gea? 24 that veluzble material contained in the uritings of F. Fnecels be uti-
1ized in work on this prohlex.

A lively diocussion of the reports orecented ab seetlonnl mactinga took
place. There were nltogether three scosions of the seetion of electro-degosin
tion two sessions of the section of chemical sources of current, and one sen-
sion of the eaction of tesknlcal eleetrolysis. Problens vertaining to practi-
enl electroplating and electrozetallurpgy were dealt with in four of tivs re-
ports. Among thiz, one should note partienlarly the reports of P. 5. Pitov and
li. . Lyozuoer, vho investigzted the conditions Por rapid isolation of coppor
frox: eyunide sclutions; A. I. Levin's naper on the conversion of eopper ancdan
“hat coatain nickel; end P. P. Belynev's paper on lead plating in slkaiine so-
lutions.

Just as ot the preceding conference on electrocheniatry (Kiev, 191&9), the
problem of the effect exerted on the surface of an electrode on adkhesion ard
unifornity of the deposit elicited considerable interest. This problen vas
touched on in pepers presented by L. I. Kedaner and #. P. Belyayev. Few data
on the structure of the surface of ordinary ard brillient nickel, which was ob-
talnzd for $he Cirst time with the ald of an elecktron mieroscope, angé general
considerations in regard to conditions under which brilliant surfaces are .
formed on electrodes were presented in a paper written by K. M. Gorbunova,
T. V., Iveaivekays, and U. S. Popovs, Only one report, that of X. P. Batashev,
vas corcerned wiih problems of electrolytic polishing. In G. V. Forsvlom's
paper, the influence of work dome by V. P, Mzsovets and his group on calculat-
ing the field distribution in electrolytic cells was perceptible. Extansive :
material obtained as a result of ultramicroscopic investigations and characiaer- '
izing conditions uader which colloidal particles form and migrate at the cath- :
ode wes presented in & report given by M. ¥N. Polukarov.

It is to be regretted that no reports on new types of protective ccatings
and alloys were presented at the sectional meetings.

As far ns activities of the section rf chemical scurces of current are
concerned, four reports of the ten the* were presented dealt with procesgses ald
electrodes and effects of conditions at the clectrodes and of sdditives on the
operation of lead storage batteries. A report by A. S. Kolosov discussed the
role of iron in the operation of cadmium-nickel storage batteries. Taree re-
ports were devoted to processes taking place at the oxide electrodes of pgal-
vanlc elements: a report by P. D. Lukovtsev and §. A. Temerin, vhich discussed
the nature of processes taking place at actual oxide electrodes ; & veport by
8. A. Gantman and P. D. Lukovtsev, in which various aspects of oxygen overvolt-
age at an oxide-nickel electrode were discussed; and a raport by V. 8. Danisl'-
BeX on the thecry of metal-oxide-graphite electrodes.

The reports and discussions in the section of techniecal electroiysis dem-
onstrated extensive possibilitles of utilizing more widely experimental results
and methods of electrochemical kinetics for the solution of epplied problems of
the basic chemical industry.

In the final plenary sesezion, discussions on the reports made by H. A. Iz~
garyshev and A. N, Frumkin took place. In this discussion, which attracted
conziderable attention on the part of a large audiense that was present, prob-
lens raised in other reports were alsc considered. The time was somewhat ined-
equate, so that complete agreement could not be achieved between various diver-
gent directiqns in theoretical and cxperimental research.
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3. V. Gorbachev, in his talk, expressed dissatisfaction with A. H. Frum-
itin's vep(yt, in which, mscording to him, the achievements of othur schools of
electrochemisiry were not adeguately refiected. He further pointed out the
limited runge of problams on which Frunkin's school works and its lack of ¢ tend.
eney to apply results in practice. orbachev then subJected to criticlem the
excessive expansion of work on the theory of delayed dischsrge, to which, ac-
cording to him, marbers of Fruzkin'c school attach undue impertence, while they
egient Work oz cother, more essential probleas.

t

s

G. V. Akdmov co.centrated on raioing objections to Frumkin's idea that
catkedic and snodic processes cen take place in the same region of ‘the metal sure
fece. Akimov edvanced a number of arguments baced on structural charasteristics
of’ the surface and body of metals in an attermt: to ghowr that this fdea is wrong;
be eloo pointed out that one cennot speal of an electric current when a diffexe
ence of potentials is abseat. At the seme time, Akimov remarked that cathodic
ard ancdic regions may “interchange places during the nrocess of corrosion. In
conclusion, he pointed out that Frumkin did not cite a mumber of achievemerts by
USSR coyrosion speeialists, although these specialists have created a large,
speclalized field of electrochemistry which is necessary for the understanding
of corrosion. Among the achievements of USSR corrosion spenialisis; Akimov
listed the theory of irreversible electrode potentials, the theory of processes
taking plece under-oxygen depolarization, the theory of electrochemical proc-
e3ses proceeding in the galvanic microelements of the system, the theory of mul-
tielectrode systems, and finally, the method of polarization diagrsms. In con-
cluding his talk, Akimov stated that one must recousider the positions from
which further development of electrochemistry is to take place to wake sure “had
young technlcal men will be educated in the spirit of new and fresh ideas.

S Gy e

V. P. Lebedev and V. G. Sindyukov also eriticized the results which Prum-
kiu‘s school obtained by developing furtker the thecry of deiayed discharge.
They stated that the theory of delayed discharge, vhich was borrowed firom for-
eign seientists and supplemented by Frumkin end his collaborators. is incapeble
of explaining the majority of electrochemical processes.

V. A. Pleskov, M. A. Logshkarev, and M. I. Temkin took issue with this eval-
ustion of the originality and applicabilily of the theory of delayed discharge
Pleskov stuted that this theory should not bte set apart from other theories: it
can be confirmed by experimental data in many cases, as it has been in the psr-
ticular case of the rewort given by Ya. M. Kolotyrkin at this meeting. At the
saee time, Pleskuv recognized es Justified the cbjection that the theory of da-
layed discharge has not yielded adequate practical repults. Loshkavev stid that
the direction in which the work of Frumkin's school is pursued, represents one
of the original developments of USSR electrochemistry.

V. P. Galushko, in hie talk, dwelt on che necessity of using the work of
Marxist classics to solve many of the problems discussed at the meeting, such
as the problem of the source of energy and localization of poteatial Jumps in
galvanic elements; an analysis from the standpoint of dislectical materialism
would prevent idealistic misinterpretations of the neture of the problem there.

I. I. Koval' said that practical activities should be brought into closer
contact with the work of scientific research instituticns.

H. S. Fortunatov expressed doubts in the correctness of V. A. Pleskov's as-
sertion to the effect that Tafel's equation is valid ir a wide range of current
denglties. He gave an origimal interpretation to Ya. M. Kolotyrkin's results,
which cover the potential ranges on both sides of the zero charge; according to
Fortunatov's conclusion, the plotiing of these results in the potentisi-current
coordinate system ylelds a typical curve showing a second potential, which was S
described by N. K. Kudrs and received with sirong reservations by a nmumber of T
electrochenists. .
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‘A muzber of speakers (V. A. Zarinskiy, A. L. Rotiny»n, and others) iedi-
catex the neceasity of publishing, as soon ac possible Soviet textbooks , and
zonographs.

A. H. Frumkin, in his concluding talk, reviewed the ectivity of his school
In the light of the eriticium leveled againsh, 1t. He elso indiestsd the errors
ccmmitted by hin in the enpocity of lender of one of the directions cf U3sSh
electrochenistry. Frumkin, furthermore, discussed briefly the question of pri-
ority of the iden involved in the theory of delayed discherge eni the role of
golvation factors, a metter which became clear to hinm only recently. Imcorrectly
aseribed to M. Volmer, this idea wan exnressed congiderably earlier by H. A. Iz~
garyshev. The ldea in regerd to the delay involved in solvation procesges vas
originally formulated by the Kazan' professor; R. A, Kolli in 1878, while noy
placing o high value on K. A. Izgaryshev's merits in the cabter hy recogniziug
that he cmphasized the significanee of colvation factors vhich dstermined a
wholepoze, progressive development In electrochemistry, Frumkin stressed that
Volmer bad made the first atlempt to formulate quantitatively the concepts in-
volved in the idea of delsyed discharge and had demonstrated that an equstion
vhich agrees with Tafel's equation, based on experimentnl dats, follows from
them. FPrzkin further noted that the idees in regard to solvation were first
formilated quantitatively in his., Frumkin's work. It was subgequently demon-
stratzd experimentally that it 1o the transition of the ien into the adsorbed
atol udich is delayed: this is what determines the specificity of electrochem-
leel kinetics.

On the basis of these facts, A. N. Fruzkin steted that he regevds as un-
Justified reproaches to the effect that the whole work of his schaol was concen-
trated on verifying one formula only, while all steges of the Frocess not
covered by this formmla were neglected. Frumkin further rejected criticism to
the effect that he 41d not give due credit to W. I. Kobozev. He then stated
that he had never asserted that complete knowledge of any electrochemical proc-
esg can be gained exclusively on the basis of the theory of delayed discharge;
at the same time, he was unable to discern any new ideas in the work of 8. V.
Gorbachev which permitted clartfication of interesting data on the electrolytic
oxidation of aniline avd the separation of chlorine (cf reports by Gorbachev's
collaborators &% :i: present meeting). In conclusion, Frumkin dwelt on errors
copmitted by hin v'iich are subject to speedy correction, i.e., lack of attention
to the history of national elecirochemistry, as & result of which he failed to
recognise the priority of Russian scientists in many fields, and ingufficient
attention to industrial spplicatione.

The chairman of the last seseion, Ya. M. Kolotyrkin, summarized the work
of the confercnce in a brief speech, pointing out that in the course of its work
keen criticiem of the substance of investigations carried ocut in the field of
electrochemistiry was epplied for the £irst time so tkat faults which interfere
with the development of USSR electrochemistry were disclosed. Kolotyrkin fur-
ther expresesed the hope that this criticism will be received in the right spirit
and. will form the basis for further constructive work by all active sehoole of
electrochenistry.

The resolution passed by the conference cousiders it n..essary %o develop
primarily activity along the following lines: (1) investigaticns dealing with
the mechanism of the most important reactions of electro-oxidation and electro-
reduction; (2) electrochemical production of & number of new, technically im- -
portant metals; (3) work on lowering the expenditure of power and increasing the
efficiency of industrial electrolysis; (4) creation of powerful chemical sources
of current; (5) improvement of the quality of corrosion protection of metals;
and (6) investigation of mlectrode processes in melts. It noted that the suc-
cesees and shortcomings of USSR electrochemistry have been correctly reflected
&t the conference and that the bssic &lveections Lo be taken by future regearch
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have beei serked out. The resolution alco noted that USAR electrochemistry has

s a2 a8 & resull of work curried out by an extensive net-
emic \antitutes, apselslized bronch mstitutan, exd lavoratories of
"ﬂml institu‘ciom. '




